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INTRODUCTION

Contractor A successfully developed, under the direction of
Frankford Arsenal, a cool burning, single base extruded propellant
CR 7695 for use in 20mm aircraft ammunition. Frankford Arsenal
Reports R-1449 and R-14701: 2* gegcribe the development and tests of
this propellant CR 7695 and the various other single base extruded pro-
pellants that led up to its development, Following this development an
attempt was made to improve the erosion characteristics of single base
extruded propellant by two methods; namely, (a) obtaining a centralite
coated propellant that develops a lower chamber pressure than CR 7695
when fired and (b) developing a new small arms extruded single base
cool burning propellant type with a deterrent incorporated in the base
grain,

Contractor A contmued the developments under existing contract
DA-36-034-507 ORD 125RD, 3

These two new propellants were designated CR 7787 (the centralite
coated propellant) and CR 7814 (the internally deterred and centralite
coated propellant), A new rolled ball propellant designated X 2048 had
also been developed by Contractor B for 20mm ammunition, ~ After
satisfactory preliminary testing at Frankford Arsenal, combined en-
gineering and erosion testsweére fired at Aberdeen Proving Ground with
these three propellants,

The details of the development of the extruded propellants CR
7787 and CR 7814 together with the results of the engineering and ero-
sion tests at Aberdeen Proving Ground with these extruded propellants
and rolled ball propellant X2048 are reported herein. Data has been
previously reported to the customer by letter. 8

METHOD

Development of Extruded Propellants

3
Contractor A, technically supervised by Frankford Arsenal, was
to develop cool burning extruded propellants that would be suitable for

7}
See References



use in 20mm aircraft a.mmugition. The first two phases of the develop-
ment have been reported. This report covers the third phase of the
propellant development, The contractor, after consultation with repre-
sentatives of Frankford Arsenal, prepared small (2 to 5 Ib, ) samples of
propellant for testing. Initial tests (including closed bomb firings) were
performed at the contractor's laboratory, When these tests indicated
the propellants to be ballistically suitable, samples were forwarded to
Frankford Arsenal for ballistic testing in Cartridge, Ball, 20mm, M55
at +70° F, After a review of the results of the ballistic tests of all the
samples submitted to Frankford Arsenal, the two most satisfactory
propellants were selected and larger samples were manufactured and
subjected to more extensive tests at +70°, -70° and +165° F, Propel-
lant CR 7695 developed under the second phase of this propellant de-
velopment® was used as a control in these tests.

Engineering and Erosion Tests at Aberdeen Proving Ground with
Expenmental Propellants and Primer

Since the development of experimental double-base rolled ball
propellant X2048" was completed about the same time as the develop-
ment of extruded single base experimental-propellants CR 7787 and
CR 7814, it was decided to combine the engineering and erosion tests
of all three propellants at Aberdeen Proving Ground.

Smce the development of the FAT 27E1 primer had also been
completed it was decided to load all the new propellants into cases
primed with the FAT 27E1 primer, Therefore, these tests would also
serve as engineering and erosion tests of the new primer., Additionally,
these tests became an evaluation of ignition systems rather than evalua-
tions of specific propellant or primer types.

The first four of the following listed lots of Cartridges, Ball,
20mm, M55 type were loaded at Frankford Arsenal and forwarded to
Aberdeen Proving Ground for test. 6 The fifth lot was supplied by Aber-
deen Proving Ground as a control and contained the standard WC 870
propellant and M52A3B1 primer,



Lot No. Propellant

FA-X20-2767 CR7695 Lot 3
FA-X20-2768 CR7787 Lot 4
FA-X20-2769 CR7814 Lot 2
FA-X20-2770 X2048

KOP 153-18 WC870AL40378

Primer
FAT27E1
FAT27E]
FAT27El
FAT27E1

M52A3B1

Quantity
12, 000
12, 000
12, 000

10, 000%*

*NOTE -~ Only 10, 000 rounds of lot FA-X20-2770 were loaded at this time
because it was desired to hold the remaining quantity of propellant X2048
for other possible ballistic tests, An additional quantity of approximately
3500 rounds was shipped to APG at a later date,

All five lots of 20mm ammunition were subjected to the following

test program at Aberdeen Proving Ground,

Total Rounds to be Tested Per Lot Per Test

Fired at Fired at Fired at Total Rds.
Test +70* F -70°* F +165° F Per Lot
Pressure, Velocity
and Action Time
(Gage) 20 20 20 60
Velocity (M39 Ma- '
chine Gun) 20 20 20 60

Erosion (M39 Machine Gun) (See Narrative Below)

The erosion test was fired in the M39 machine gun using a schedule
of 125-round bursts with 30-second cooling between bursts and complete
cooling after every 250 rounds, A barrel was disqualified when (a) the
average velocity of any 20 consecutive cartridges of a burst was 6% or
more below the average velocity of the first 20 round burst fired in the



new barrel; or (b) yaw of 15 degrees or more is encountered with 20
percent or more of any consecutive 40 rounds of any burst, Five bar-
relld were to be fired to completion with each lot of ammunition if
sufficient rounds were available,

DISCUSSION OF RESULTS

Development of Extruded Propellants

The quarterly reports and the final report submitted by Contrac-
tor A3 give a detailed account of the progress of the 20mm extruded
propellant development, During the entire period of the development,
the contractor prepared and tested at his laboratory approximately 350
experimental 20mm propellants. The twenty different basic composi-
tions utilized are listed in the contractor’s final report, Those samples
that were found to be ballistically suitable for 20mm ammaunition by
closed bomb firings and limited ballistic testing at the contractor's
laboratory were submitted to Frankford Arsenal for ballistic testing in
Cartridge, Ball, 20mm, M55, During this phase of the propellant de-
velopment, 24 such preliminary samples were found suitable at the
contractor's laboratory and were submitted to Frankford Arsenal.
Table I lists the identity, composition, granulation, flame temperature
and the initial ballistic performance at Frankford Arsenal of these sam-
ples. It should be noted that in some instances propellant samples with
the same composition and granulation gave vastly different ballistics,
This is because the compositions listed are nominal and do not reflect
the actual propellant composition, These samples were produced in the
contractor's semi-works and were 2 to 5 lbs, with the result that they
were generally exhausted in ballistic testing so that chemical analysis
could not be made. Such a chemical analysis would have probably indi-
cated large differences in the amount of deterrent actually present in
the samples.

After reviewing the results listed in Table I, it was concluded that
propellant Ex7787" gave the most satisfactory ballistic results of the

1t might be well to note at this point that the contractor identifies his
experimental propellant samples with Ex numbers. However, if a sample
type leads to an acceptable propellant type, the Ex is changed to CR {Cool
Rifle). Therefore, propellants Ex 7787 and 7814 will be later identified
as Cr 7787 and 7814,

4



Table Showing ldentity, C sl

Experimeutal Prepeliants Whan Tested ia Cartridge, 20mm, uu. MSS, Ballistic
Prossurse of 58,000 pol With As Actien Time Net Te Enceed 3,5 m. 5. When Fired In A Pressurs Gage

% I‘lﬂ

Preseure

—p

‘Table No. 1

Propellant C Calcal Propell
Propellant and Oranulation Flame Temp. Charge
Designation {Nooviasl in Parts} °X gre
ExT756 100 Nitrocelluloss; 2510 $60
1 DPA; 1:‘0)‘: 1 Ta fell ease)
Coated ¢ DNT and 8 DBP;
0,086 - 0. 15" x 1/16"
Ex7757 100 Nitrocelluless; 2590 568
1 DPA; | KaBeyi | Tin {fall case)
Coated 6 DNT and 4 DBP;
0. 060" - 0, 015" x 1/16"
Ex7738 90 Nitreculluless; 2450 575
20RP;2 x;n.; 1 DPA; {full case)
1 Tin Conted 6 Cent. No.2
0.070" - 0,015 x 1/16"
Ex77%9 100 Nitrecullulose; 240 58
3.5 DBP; 1 DPA; 1 K804 {fwll case)
1 Tin Coated 7 Ceat. No.2
0.060" - 0, 015" x 1/16"
Ex7764 98 Nitrecellulose; 2 DBP; 1408 360
2 X3804; L DPA; 1 Tin Hull case)
Couted 3-1/2 Cent. No.2
0,070t - 0,015" x 1716"
Ex7760 100 Nitzecellulose; U0 $30
2 K804 1 DPA; 1 Tia (tall case)
Coated 8 Cont. No. 2
0.963" - 0.015" x 1/16"
En7763 108 Nisrecalinlose; 2600 570
2 X804: 1 DPA; | Tia {tull cass)
Ceoated 6 Comt, No.2
0.978% - 0,018 x 1 /16"
Ex7761 IN Nitrecellulose; - 568
go‘; 1 DPA; 1 Ting {fell case)
0. 070" - 0. 0!5" x* 16“
Ex7762 100 Nitrocellslose; - 60
2 Xp804: ) DPA; 1 T ttull case)
Cested 7.5 DNT and
4,0 Cont, No.2
0.063" - 0.015" x 1/16"
ExT786 100 Nitrecellulose; - 8T
2 43 1 DPA; 1 Tiag
le Coated 6 Cent.
No, 2 and ¢ DNT
0.070" - 0.018" x 1/16"
ExT787 100 Nitreceliuless; 2610 570
2 Kg”ql 1 DPA; 1 Tia
Coated 6 Cent. No. 2
0.075" - 0,015" = 1/16"
Ex7788 100 Nitrocellulose; 2600 870
2 K;ll)‘; 1DPA; 1 Tia
Coated 5 Coent, No, 2
0,075 - 0,015" x 1716
NUTE: Abbreviations

DPA: Dipheuylamine
Kz804: Potassiem Sulfate
DBP: Dibutyl Phthalate

MS2AIB1

MS2A3B1

MSZAIB)

" MszaIBL

MS2A3B)

MS2A3B)

MS2A3BL

MS2A3B1

MS2A3B1

M52A3B1

MS2A3B1

M52A3B1

and Ballistic Porformance of Varieus, Single Base, Extruded,

Actiea Time
ms

s, 82

4.1

3.8

4.0%

318

.7

3,27

.9

3,00

Vel.

AN

Tz

21

3360

318

nn

M0

37

3314

3368

3416

3384

M1y

48200

$3%00

$1900

46400

56900

51480

60700

55400

$3700

ement; 330 & 30 /o Within & Maximum Average

Remarks

Unsuitable, Low Velocity
and High action time

Unsuitable, Low Velocity
and High action time

BSattefactory, contractor will
supply additional sample

Unsuitable, Low Velocity
and High action time

Uneuitabls, Low Velocity
Samgle not ballistically
similisr to Ex7758
contypctor will ypake new .
sample

Unsuitabls, Low Velocity
Maybe suitable, contractor
will make additional sample

Unasuitable, Low Velocity

Uasuitable, High Pressure

Unsuitable, High action
time

Satisfactory, contractor will
supply additional sample

Unsuitable, actiom time
high



Propellant
Desigaation

Ex?789

Ex7790

Ex7179%

ExT802

Ex7803

Ex7804

Ex7810

Ex7811

Lx7812

Ex7813

Ex7814

Ex781%

Table No. I (Cont'd)

Coated 4.5 Cent, No. 2
0.070" - 0,015" x 1/16"

NOTE: Abbreviations

DPA: Diphenylamine
804t Potassium Sulfate
BP: Dibutyl Phthalste

Bronal c Cal d » 10
and Orasulation Flame Temp, Charge
(Nominal in Parts) h_ gre

98 Nitrocelluloss; 2 DBP; 2590 587
2 K804; 1 DPA; | Tia {full case)
Coated 4 Cont. No., 2
0,070" - 0.013" x 1/16™
98 Nitrocellulose; 2 DBP; 2450 580
2 K804 ) DPA; | Tia - (full case)
Coated 6 Cent. No. 2 :
0.070" - 0.015" x 1/16"
Not available - 568
9% Nl!roc-lhioco: i1 DAP; 2450 580
2Kz804: 1 DPA; 1 Tin (tull case)
Coated 6 Cant. No. 2 .
0,070 - 0.015" x 1/16"
98 Nitrocellulose; 2 DAP; 2450 - s80
2 Kp804; ) DPA; 1 Tin ° . . {tull case)
Coated 6 Cent, No, 2 .
0,070 - 0.018" x 1/16"
98 Nitrocellulose; 2 DBP; 2820 585
2 Kzlb‘; 1 DPA; 1 Tin {tull case)
Cosated 5 Ceat, No. 2
0,070 - 0,015 x 1/16"
98 Nitrocellulose, 2 DRP; - 585
2 K2804; 1 DPA; 1 Tin {full case}
Coated 4 Cent, No. 2
0.070" - 0,015" x 1/16"
98 Nitrocellulose; 2 DBP;  * - 585
2K;804; 1 DPA; 1 Tin (full case)
Coated 5 Cent. No. 2 . :
0.070" - 0, 015" x 1/16"
98 Nitrocelisloss; 2 DBP: - 585
2 K2804; 1 DPA; 1 Tin : {full case)
Coated 4 Cent, No. 2
0,070" - 0,015" x 1/16"
98 Nitroeceliulose; 2 DBP; - 585
2 K3804: 1 DPA; 1 Tin {full case)
Coated 5 Cent. No. 2 '
0,070" - 0,018" x 1/16"
98 Nitrocellulose; 2 DBP; 2580 585
2 Kp804; 1 DPA; 1 Tia {full case)
Coated 4 Cent, No. 2
0.070" - 0,015" x 1/16"
98 Nitrocellulose, 2 DBP; - 585
2 Kz804; 1 DPA; 1 Tia (full case)

M52A3B1

MS2AIBIL

MS52A3B1
.

M52A3B1

FATOET

Lot H

MS52A3R) -

FATIOET
Lot H

MS2A3B)

FATWET'

Lot H

MS2A3B1

MS2ZAIBY

MSZA3BL

M52A3B1

MS2A3B1

MSZAIBL

0 Fir
9
Action Time Vel Pressure

ms f.0, pot
17 3289 45100
3.69 3023 " 32000
3.03 3330 514000
. 3183 45500
N ‘3220 47300
1168 3048 37100
5,28 3139 39700
2.9% 3284 46100
2,78 ™z 51400
. 3403 57900
219 3384 87200
321 . 3273 45500
3,29 n” 40400.
2.0 3350 50500
3.01 3289 47400

Remarks

Unsuitable, Low Velocity
Unsuitable, Low Velocity,

High action time

Unsuitable, Low Valocity

Unsuitable, Low Velocity

Unsuitable, Low Velocity'

Uneultable, Low Velaeity

Satisfactory, Howswr
Presasure High

Satisfactory, Howewr
Pressure High
Uneuitable, Low Velocity
Unsuitable, Low Velocity

Satisfactory

Unsuitabla, Low Velocity



centralite coated samples, while the Ex7814 propellant gave the best
ballistics of the internally deterred and coated samples. Accordingly,
additional samples of propellants Ex7787 and Ex7814 were obtained
from Contractor A for a temperature coefficient test in Cartridge, Ball,
20 mm, M55, Since the Ex7787 propellant gave a much better ballistic
relationship with the newly developed FAT 27E] primer**than with the
standard M52A3B1 primer, the new primer was used with this propel-
lant while the standard primer was used with the Ex7814 propellant and
with the control ammunition which was loaded with CR7695 propellant,

The results of the tests fired at +70°, -70° and +165° F are given
in Table II. These results show that propellant Ex7787 with FAT 27E1
primer gave the best results with a spread of only 103 feet in mean
velocity over the temperature’ range of -70° to +165° F. The other two
experimental single base propellants (CR7695 and Ex7814 both with
M52A3B1 primers) also gave good results, the spread in velocity be-
ing 162 feet and 184 feet respectively. It should be noted the nprmal
spread over the temperature range with the standard ammunition loaded
. with ball WC870 propellant with M52A3B1 primers is between 250 and
350 feet per second.

Since both experimental propellants (Ex7787 and Ex7814) appeared
to have temperature coefficients better than the standard propellant
(WC870), it was decided to procure a sufficient quantity of both propel-
lants from Contractor A in order that ammunition could be loaded and
engineering and erosion tests fired at Aberdeen Proving Ground. A
quantity af propellant CR7695 was also ordered from this contractor
to be loaded into control ammunition for these tests,

g neening and Erosion Tests a.t Aberdeen Provmg Ground with
Experimental Propellants and Primers

1. Ballistic Tests

Table III gives the results of the ballistic te'ats fired in the gage
and the M39 machine gun at +70°, -70° and +165° F

**FAT 27E]l Primer is FAT 36E7 Primer with modified hardware (see
ref. 5),



TABLE II

Table of Ballistic Data Showing Results after Storage for a Minimum
of 2 Hours at the Required Temperature
All firings in Gage with Cartridge Ball, 20 mm, M55

Propellant Ex7814, Cha_zge SBS;EB, Primer M52A3B1

Temperature Coefficient (-70° to +165° F) = 0.69 £f/8/°F

Temp, -°F Action Time Velocity sD Pressure sD
of Firing ms f/s f/s psi psi
70 2.86 3367 12 53100 1500
~ =70 3.12 +3252 19 46700 1600
+165 - 2,82 3436 12 58000 1600
Temperature Coefficient (-70° to +165° F) = 0,78 f/8/°F
Propellant Ex7787-1, Charge 570 grs, Primer FAT36E7
(Now FAT27E]1 Type)
Temp. -°F Action Time Velocity SD Pressure SD
of Firing .ms8 f/s f/s psi psi
70 2.72 3370 13 52900 1500
-70 2.92 3300 37 51000 3400
+165 2.73 3403 19 54100 2100
Temperature Coefficient (-70° to +165° F) = 0.44 f/s/°F
Propellant CR7695-1, Charge 566 grs, Primer M52A3B1

Temp. -°F Action Time Velocity SD Pressure SD
of Firing ms f/s f/s psi psi
70 2,75 3390 12 56100 2300

-70 3.05 3281 28 49800 3000
+165 2,69 3443 15 58100 2400



Results of Ballistic Tests at +70°, -70° and +165° F

TABLE No, Il

Lot FA 2767

CR7695 Lot 3; Propellant Charge 355 grs; Primer FAT 27E1

Action 8.P. Gage
Time E.V, Velocity 8D
m. 8. m. s, f. 9. f. 8.
2,53 0,22 3327 18
2.72 0.2% 3308 13
2.5% 0.13 3345 7

Lot FA 2768

Pressure
~—pe__

57900
60500
58200

8D
ot
2200

2500
1700

CR7787 Lot 4; Propellant Charge 578 grs; Primer FAT 27E1

Action

Time .
m, e.

2,713
2.98
2.74

8.P, Gage’
Velocity sD
f.s. f. s,
3354 .13
3269 22
3373 14
Lot FA 2769

Pressure
—p
53800

48700 .
57100

8D
F

- 1400
2800 -

1400

CR7814 Lot 2; Propellant Charge 573 grs; Primer FAT 27E1

X2048; Propellant Charge 588gre; Primer FAT 27E1

Action ) 8.P, Gage
Time E V. Velocity 8D
m.s. .m.8s, f. 0. f. 8,
2.72 0.13 3387 9
2.9% 0. 30 3269 17
2.72 0.08 3364 6

Lot FA 2770

Action 8.P, Gage
Time E.V. Velocity 8D
m. 8. m. 8, f.s, f. 0,
2.93 0.18 3317 12
3,02 0. 37 3236 23
2.93 0, 27 3281 22

Lot KOP 153-18

Pressure
poi
54200

49600
56200

Pressure
—pet__
54100

56600
50700

sD
20!
1400

2000
1000

8D
psi
1300

2500
1800

F.A. Gage Acceptance

Velocity Pressure
f. 8, pei
3350 57800

F.A, Gage Acceptance

Velocity Pressure
f.s, psi
' 3383

55300

F.A. Gage Acceptance
. P.

Velocity Pressure
f. s, _pei
3378 54800

F.A. Gage Acceptance
S.¥. .

Velocity Pressure
1.8, _ psi .
3387 54200

(Badger) WC 870 AL 40378; Propellant Charge, Primer M52A3B1

Machine Gun
Temp. °F slocity
of Firing {. s, i, s,
+70 3212 19
-70 3167 25
+165 3264 14
Machine Gun
Temp. °F  Velocity - 8D
of Firing {.9, i, s,
+70 3198 285
-70 3079 37
+165 3238 12
Machine Gun
Temp. *F Valoclty 35
of Firing £, 8. L8
470 3219 22
-70 3109 32
+16% 3245 14
Machine Gun'
Temp, *°F Velocity 8D
of Firing {.s L.
+70 3179 26
-70 3088 18
+165 3164 32
Machine Gun
Temp, °F slocity
of Firing f.s, 1.8,
+70 3284 30
=70 3047 22
+165% 3402 10

Action 8.P, Gage
Time E V. Velocity 8D
m. 8, m. s, {. 8, f. 8,
2,88 0. 09 3362 12
2,78 0.19 3218 33
2.41 0. 06 3505 8

Preasure
—Pps__
50000

57100
60800

D
ot
1000

2568
1200



Table 1V lists the temperature coefficients in machine gun
velocity, gage velocity, pressure and action time over the temperature
range of -70° to +165° F from the data presented in table III,

It should be noted that all four of the experimental propellants
gave temperature coefficients which were much smaller than the standard
20mm ammunition lot KOP-153-18, All propellants were loaded into
20mm ammunition which was primed with the new FAT27E] electric
primer, while the standard ammunition with the WC870 propellant was
primed with the M52A3B1 electric primer., Although there are slight
differences in the temperature coefficients of the four experimental pro-
pellants, it is believed that slight modifications of the FAT27E] primer
to suit each propellant would result in practically the same temperature
coefficient with each of these experimental propellants, It should be
noted that the short piston velocities recorded at Aberdeen Proving Ground
for the lots of cartridges loaded at Frankford Arsenal were all lower than
the short piston velocities recorded at Frankford Arsenal at the time of
~loading, - '

2 " Erosion Tests

The results of the erosion teats with the five lots of ammunition

’ are contained in table V

The three single base extruded cool burning propella.nts gave
very good uniformity of erosion end point in the tests.

The average erosion 11fe of four barrels with propellant CR7695,
Lot 3 (Lot FA-X20,2767) was 2113 rounds. When this type propellant was
previously tested for erosion a barrel life of 1723 rounds was obtained,
The increase in barrel life may have been due to the lower flame tempera-
ture of CR7695, Lot 3, The propellant description sheets (see Appendix)
indicate that the two lots of CR7695 had slightly different percentages of
methyl centralite coating, The higher percentage of methyl centralite in
Lot 3 resulted in about a 60° decrease of the flame temperature,

The other two experimental single base propellants CR7814
(Lot FA-X20-2769) and CR7787 (Lot FA-X20-2768) gave essentially the
same average barrel life for four barrels; CR7814 - 2573 rounds and
CR7787 - 2558 rounds. All three of the experimental single base pro-
pellants developed by Contractor A have approximately the same flame
temperature, CR7695 Lot 3 - 2590° K; CR7787 Lot 4 - 2590°® K, and

10
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CR7814 Lot 2 - 2580° K. The longer barrel life obtained with propel-

lants CR7787 and CR7814 may be partially attributable to the fact that

the chamber pressure developed with these two propellants is approxi-
mately 4000 psi lower than the chamber pressure developed by propel-
lant CR7695.

The experimental double base rolled ball propellant X2048
(Lot FA-X20-2770) was erosion tested in three barrels. Two of these
barrels, No. 259043 and No. 295480 were fired 6250 rounds and 5000
rounds respectively and were still serviceable when firing was discon-
tinued due to lack of ammunition. As far as is known these two barrels
yielded the longest barrel life attained in M39 erosion testing in the
United States. The third barrel, No. 258868, was disqualified because
of excessive yaw after 1950 rounds were fired. No cause could be de-
termined for the early failure of this barrel. Dimensionally there ap-
peared to be no significant difference among the three barrels fired
and examination of the bore after firing did not reveal any condition to

" . which the failure of Barrel No, 258868 could be attributed, Erosion

of the bore surface was 11ght and evidently was not a factor in determin-
mg life of this barrel,

. The reé.son that two barrels were not fired to completion be-
cause of lack of ammunition with Lot FA-X20-2770, was that originally,
-in accordance with the established procedure at Aberdeen Proving
Ground three barrels were started simultaneously in the erosion test

‘and were fired alternately; that is. a cycle was fireg with one barrel
and while it was cooling another barrel was fire cycle.

When the three barrels had each reached the 1750 round point
it was decided to continue firing one barrel at a time because of the
limited supply of ammunition. The ammunition was exhausted when
barrel No, 259043 had reached the 6250 round point. Then all of the
X2048 propellant remaining at Frankford Arsenal was loaded into am-
munition resulting in an additional 3500 rounds being sent to Aberdeen
Proving Ground. Barrel No. 258868 was fired to disqualification at
1950 rounds and the remaining ammunition was fired in barrel No., 295480

in which the total reached 5000 rounds without disqualification. No more
rounds were fired in Barrel No. 259043 because it was believed additional
firing would not add to the engineering data.

There were two differences which were probably responsible
for the improvement in the erosion characteristics of the rolled X2048
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propellant over those observed with WC870 ball propellant, The X2048
propellant has a lower flame temperature than the conventional ball
propellant and it does not contain the antifoulant tin-dioxide. Instead
of tin-dioxide a cool deterrent was used which contributed to the lower
flame temperature. These erosion tests indicated that there were ap-
parently no ill effects caused by the removal of the antifoulant from the
X2048 propellant, Smoke, fouling and flash tests will be fired in the
final engineering tests,

The average erosion life for four barrels with the control am-
munition with propellant WC870 (KOP-153-18) was 3170 rounds. This
is considered average for this type of ammunition.

The improvements with respect to erosion with the three new
propellants were significant. The rolled ball propellant was superior
to the conventional ball propellant WC870 and the new single base ex-
truded propellants (CR7814 and CR7787) were superior to the CR7695
© propellant, - :

"+ CONCLUSIONS -

It is conc luded that:

a. With respect to erosion characteristics the new single base
extruded cool burning propellants (CR7787 and CR7814) in Gartridge
Ball, 20mm, M55 with FAT27E] primer are greatly superior to
IMR7005 propellant and are superior to the previotisly developed single
base cool burning propellant CR7695. Propellants CR7787 and CR7814
apparently meet all the requirements for 20mm aircraft ammunition,

b, With respect to erosion characteristics the new double base
rolled ball propellant X2048, in Gartridge, Ball, 20mm, M55 with FAT
FAT27E] primer is superior to the standard ball propellant WC870,
Propellant X2048 apparently meets all the requirements for 20mm air-
craft ammuntion,

c. The new primer FAT27E] offers a substantial improvement
in the ballistic characteristics of 20mm ammunition with respect to
high and low temperature firings. Primer FAT27E] apparently meets
all the requirements for 20mm aircraft ammuntion,

14



RECOMMENDATIONS

It is recommended that:

a, Final engineering and user tests he made with one or both of
the single base cool burning extruded propellants CR7787 or CR7814.

b. Final engineering and user tests be made with rolled ball
propellant X2048,

c. Final engineering and user tests be made with primer FAT27E1.
d. Consideration be given to modification of the FAT27E] primer

to suit each individual propellant type prior to final engineering and user
tests,
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APPENDIX

C) FORM QRDNANCE CORY2 Tupenedes 06 Form 1904
apr. 106 PROPELLANT DESCRIPVION SHEET - @8 vk
US. Ammy Let No. ] [F50 Cempesitics Ne. Poo_ 20 PO
—lot 3 of E, I, dy Pont de Nemours & Co., Jne
Mazafashared ot: Poched Weight _1500 §
Comtract Nooo. —._____Detareoo e o o ) [N [ X Smm—

NITRCURLLULOSE =30~ - -

Sabllity Test (188° C.)

Uaximens. | 7 ——— . Y
& % | Minkmam _______ Mina | Malwes . M
A o Avesnge 30 M

]Itm.cﬂmnr.__.. o gIm 185° Ohost tant, B. P Y
Lotaspium Sulchate% 1,01 1. Rxplesion
Pulverized Tin®* | 1.0! 0, Porm of grain. £yl jcal
Diphenviamine® 1.0 No. of parforstiona. [
Lentralite No, 2 .1 Ne. of grains per ponad...
| Burning surfass por pocnd (sy. tashes)
Total 5 é’ Gray. density, MMM M. 33
M 13 . w_nﬂ&__
Ash_ : 0.1 Hygrasseplelty.
Bealdual Solvent | 0.22 m%ﬁ
GRAIN DIMENSIONS aniles) L

Length (L) 0800 oh8l
Dismetar (D) 065Q 43
Dismeter of partorations (4) .0150 L0073

Inner.

Outer.
"{. . L0250 | 0185

Caleulated e —
Difference betwesn funer and outer web

18 por cont of web sverage....

LD (Y)
D:d (X | ——
Date Date effered. Date sampled.
Date tast Sajahed Date desexiption shests forsarded

a /') ' ;’,1/’
"%ran ord Krsenal Stock Yo TIYEIm




o rom OEDNANCE COMe Suparedes 00 Ferm 1904
TApnse 1206 PROPELLANT PESCRIPTION SHEET by Randiuliny
e e
Co.
" Maaufestared ot - w
L Ontnnst Woo . Dats____ Bovislea
NITROCRLLULOAR - -

Acsepted blonds (Wes) 2214

Niwegea Conteat K L Swreh Test (685°C.)
Macteoweno oo e
| JS. Minkvoas . Mizs
A { - A“_L__li‘

PROCERS—-SOLVENT RECOVERY AND DRYING
35 55 | Solvent Recavery 20,
S5 .1 Mater drying,. hefaore coating 3

95 | Water drving, after coating 24
55 | Alr drving 19,
"TEATS OF FINISERD PROPELLANT
WW
Custioueat Poraute | Mfr. | Luyr. [T [
Nifracellulons 0.0 | 155° G lest s, B. 7 350
Potassium Sulchate®!2.0 | O Baplesten |
Bulverized Tin®* 1.0 10.73 Porm of grain. linfirical
Riphenylsmine 1.0 10.70 No. of perterStions. b é
Centralite No, 2 Ne of graine per pouad. 75 3
Durning surfase per poand (sq. inches)
Total valatiles. 1.0% Grav. density, L JMBROPMINALINK.
MolstureCCll dist 0.80 Spectiegraviy Duat. & fon mat
Ash 0.10 Bygroacoplolty.
Residual Solvent ﬂ_2‘il Cempressien test__Graphite 10,12
GRAIN DIMENSIONS ol — - : 2 L]

Lemgth (L) 0035 oERY
Diameter (D) -070.07% ohs]
Dismetar of parforatiens (d) 015 0076

Inaer.

Outer.
wa»{A 0184

Cualculated
Difference between inner and onter web

15 per cont of web average.

LsD (Y)
Did =]
Detn Date alfered o Dato sampled.
Date test finished.. Dabe description shests Zerwarded
mgm‘.‘_mn «ecoOnner 14 hayo

Remaria:_*Indicates ingredient is on additive basim in composition
Total -ether extract 6. . Average Nominal Coati .
"taﬁ———————'n-—
_# (’1,77,'//14/

rankford Arsenal Stock No. LY-9013}
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€0 FORM OXDNANCE COPYS Supersedes 00 Form 1304
aw.s2 106 PROPELLANT DESCRIPYION SHEET Sd A e
TS, Army 1ot ¥o O TANUSE w1950 Comperiin W
e T
Manafuotured s ! t . Pasped Wmﬁm
Contraet No. . Date NOeee o . Revision

WITROCELLULOSE DA-35-038-5
Accaptod Meads (Nea) 2214

—— e at—— —— —— Ao et — e e~ — NN
Nitrogen Content K W Btabllity Test (188° C.)
Maximum. %. Maxi Mins. |7 —— N
Minisaum %. Ming ~Mins,
Aweage— 1308 x| Avemee 37 M Ah:_—-lh
Explovion Mg

MANUFACTURE OF PROPELLANT

dochot and 65
3
Mater drving, after coatl 24
55 | Alr drving _ . 17
“TESTS OF JINIARED FROPRULANT
e rouTION & & T "STADUITY AND FNTSICAL TROTS
[o—y Wor-nla | Mfr h,:_j‘w R o My, p—
Nitracellnlose QTR 185" Cheat tast, & P T
x’m_ s Sagate 2.3 382 Exploesiot————
verise n . Form of gratn limirical
%_w ne 1.0 gg;______ No. of perforstisna_. 1 >
M No. of gretns per po: uﬁJF__ .
Dibutylphthalate* 12.0 11.92 Burning rurface per pound (sc. ):?_3.3&. —
Totel velatiles ! 1.1% Grav. dansity, ALYGANALPIINI AL
Molsture._CCLl) diat.. _! a 77 mmma_k_tmm_a.ﬁﬁﬁ‘.,.
Ash. . n_1nl. Hygroscopieity.
Residual Solyent 0.38 | Compression tut_Qravhite 11
: Wi mﬁsw» ENT
GRAIX DIKENSIONS aniies) __ ONCHES) ~_OF MEAN DIMENJION .
Length (L) OR25 RLLGH
D o) 0705075 Ni66
Dismeter of perforations (d) 01* 08
Inner.
Outar.
Weia 01 —
Caleulated
Difference hetween funcr and ouler web
n per eent. of web I S b
L:D (Y) )
_D_'LC!! —
e 0723760 Dato offered_ Dato samplod
Dm """""M"—“TT—T“"‘— xi. on shoets forwardsd
nned-copper line oxes.
m Total Ether Extract b.47%. vindicates ingredient Is cn additive
basis in composition. Ave. nominal coating 4,34% Centralite #2
Tapestor o Orfuamce ais y-—-n

w N
y i

Prarkiord Arog... Tont R VV-HATEY T



Propellant Description Sheet for X2048 and Typical WC870 Propellant

Composition (%) X-2048 WC870 AL 42747
Nitrocellulose nitrogen 13,15 a
Nitrocellulose a 81.01
Nitroglycerin 8. 48 8.85
Dibutylphthalate 7.95 6.22
Diphenylamine 0. 89 0. 86
Dinitrotoluene 0.50 0.73
Potassium nitrate 0. 60 0.73
Potassium sulphate 0. 42 0

Tin dioxide 0 0.77

Screen Analysis (% Retained)

Screen Opening
(in. )

0. 0469 0.1 0. 00

0.0394 0.5 0. 00

0.0331 15.0 9. 47

0. 0280 46, 3 50. 86

0. 0232 37.5 38.81

0.0197 0.3 0. 67

0.0165 0.2 0.19

Pan 0.1 0. 00
Stability and Physical Tests
120° C Heat Test (minutes)

sP 60" 65

RF 180+ a

Exp 300+ 300+
Form of grain Rolled Ball
Web (in, ) 0.020 -
Gravimetric density (gm/cc) 0.942 0.934
Specific Gravity (gm/cc) 1.58 a

aNot reported
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